)
(2

TN

- \!{;J{f'-' -

A

\-.'?/m.", P 0?’“’7"’”
<

the Natlcral Defense -of the United States wythin the mesaning Services . the United States, -
of the Esplonage Acts, USC 50:31 and 32. Itk tranomisslicn or and empl es of the Faderal Gover, nt who have a legitimate
the revelation of its zantents in any manngr-{o an unauthor- interesy therein, and to United S
lzed person is prohibited by law. Informetlcn go classified elty n.ﬂ discretion who of neces l.y-\-uns be informed thersof.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE

¥o. 936

PLASTIC MOUNTIEGS FOR AIRCRAFT WINDSHIELDS

By Kathryn E. Bradley and B, ¥. Axilred
Hational Bureau of Standards

~E

L)

Washingbon
Kay 1944

TCSLAESIFIED DOCUMERTY,

This document centalns classified inforgation affectling wmay be_lpparted only to parson;g'-the militery and naval
a)

RESTRICTED -

priate civilian offlcers

es cltizens of known loy-




-~

RESTR IOTED e T

HATIONAL ADYISORY OOMMITTEE FOR ABRONAUTICS

TECENICAL NOTE NO. 938

PLASTIO MOUNTINGS FOR AIRCRAFT WINDSHIELDS

By Eathryn H. Bradley and B, M, Axilred
SUMMARY

Several laminated glase windshields, all characterized
by an extension of the center plastic layer arocund the
edges of the panels for mounting 4in airecraft, have been
investigated to determine their suitadbility for use in
airplanes with preseurired cabins, The various construc—
tions of the extended portions of the windshields which
serve for mounting purposes included plastic alone,
Plastic and one sheet of glass extended, plastic exten—
sion reinforced with an aluminuym strip, and plastic ex
tension reinforced with 2 steel strip. The tests
conducted on the various windshield panels inciuded creep,
behavior wnder oyclic loading,and bursting tests at tem—
peratures of ~20%, 77°, and 140° ¥,

The results of the tests indiceted that the laminated
windshields with plastic-mounting extensions reinforced
by aluninum or steel were resistant to creep and bdursting
at pressures of the order that will be encountered in ser—
vice, It appears that their a2bility to withstand service
pressures at a temperature of 140° F should make them
sultable for use in a heat de-~licing design which involves
double glezing and the circulation of heated air Iin the
space beltwveen the two glase panes,.

INTRODUGCTION

In the construction of sirplanes wifth pressure—sealed
cabins the problem of finding swuiteble means for mounting
the glass windshields and windows arises, The mounting
must furnish an airtight geal over a wide range of tem—
peratures, must allow for differentiasl thermal expansion
of the windshield relative to the fraeme without the
creatlion of high stresses in the glass, and must not be
sc flexible that the windshield deflects excessively under

RESTRICTED
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pOSsible'service conditions, To meet these requirements,
several nountings have been proposed in which the plastic
layer of the laminated glass is extended beyond the edge
of the glass, the windshield being held in place by bolts
through the extended plastic edge.

In order to evaluate mountings of this type, the
National Bureau of Standards, at the request and with
the financial assistance of the National Advisory Committee
for Asronautics, carried out an investigation of several
types of plastic meounting. The defloction characteris—
tics, creon behavior, and bursting strength at various
femperatures were included in this work, This report
sunmmarizos the results of the investigation.

MATERIALS AND EQUIPMENT

The laminated glas's windshields, supplied by the
Pittsdburgh Plate Glass Company, consisted of a layer of
0.12—1inch~thick viayl butyral plastic sandwiched between
l12—-inch square sheets of 7/84—inch—thick semi—tempered
glass. In these windshields the plastic inner layer was
extended, sometimes with reinforcement, to form the
mounting. The mountings tested, illustrated in figure 1,
were consbtructed a8 follows:

2122 Degoription
A Plagtiec exbtonded
B Piastic oxtended and one sheet of glass

partially extended

c Plastic extended and reinforced with a
strip of 0.032-inch~thiek aluminunm
roaching from the outer edge of the
plastic to about 1/4 inch between the
glass plates

D Plastic extended and reinforced with a
strip of 0,0l9-inch-thick stainless
stesel reaching from the outer edge of
the plastic to about 1/4 inch between
the glass plates
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The windshield panels were tested in o heavy stesl

" pressure chanber, The mountings were clamped to the

chamber by moans of a frame which was bolted to the
chamber as shown in figure 2, A pressure chamber with

a windshield panel in place and » dismentled pressure
chanber arc shown in figures 3 and 4, respestively. The
surfaces of the chamber and of the frame adjacent to the
windshield were ground flat to minimize leaks. It was
found in sone preliminary tests that at some tempere—
tures a frame of 1/4—~inch—thick steel would twist meéas—
urably at moderate pressures, Since measurements of
deflecciior vere made with reference to the frame, it was,
Gecided to use frameg 1/2 inch in thickness or greater
for the subsequent work, The steel pressure chambers
were erected so that the plane of the windshield was
vertical for all tests.

It was found that the most satisfactory method for
maintaining constant pressure on the windshield in the
test chanber was by means of compressed oxygen or air in
a cylinder equipped with a two—-stage regulator. With
such equiwvment, a constant pressure could be maintained
over long periods of time and for a wide range of tem—
peratures, All tests were made with the same temperature
on both sides of the windshield, The temperatures at
which btests were conducted were 140°, 77°%, and —20° ¥,
The deflection of the panels was measursd at the center,
et each corner, and a% the middle of each edge, The de—
flection neasurements at the corners and the middle of
the edges were made at a distance of about 1/8 inch from
the inside edge of the frame. A dial gage mounted on a
bar the edges of which were machined flat was used for
2ll deflection measurements except those btaken at 140° F,
when the dimensions of the oven necessitated the use of
a screw micrometer depth gage at the corners and ths
niddle of the edges.

TEsT PRQCEDURES

Procedure for (freep Tests

Each windshield panel was clamped firmly in the
test echamber and conditionsd at the test temperature for
at least L6 hours prlor to testing. The test consisted
of maintaining a constant pressure in the test chamber
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for a period of 24 hours. Deflection measursementy were
taken at time intervals that were approximately loge—
rithnically equal, both for the 24-hour loading pericd
and the subsequent 24 hours of recovery; the first set

of readings was taken about 5 minutes after the pressure
was applied, Since a set of measurementis for all the
locations required several minutes, the values for the
four corners (or the middle of the edges) could not be
gveraged in the early part of a test because of the high
rate of creep., The data for esach position were plotted
and curves wvere drawn for the first 2 hours of each load—
ing and each recovery periocd, The average creep for four
equivalent positions for a parficular time interval was
obtained from these curves.

In sonme instances, owing te the development of lesks,
failure of control apparatuys, and so ferth, it was neces—
sary to use the same windshield panel for more than onse
tests 4An appreciable time was allowed betwsesen tests to
provide for recovery so that any effect of the prior
tests on these panels would be negligible.

Procedure for Oyclic Loading Tests

These tests, carried out at 77° F, were intended
to approximate the loading and unloading seguence for an
airplane making daily flights with daily ssrvicing perieds
included., UThe mean temperaturs in & windshield panel in
an alrplane in normal high altitude flight probadly would
be consideradly less than 77° ¥, and hence the gmount of
creep and "permanent® set obtatned in service would be
less than that obtained in these tests, If heated alr
for de—~icing purposes is circulated against the inside
surface of the windshigld, the mean temperature in the
windshield nay be much greater than 77° ¥, In the latter
case, a plastic mounting with a higher softening tempera—
ture than that of thoge tested may bVe required to avoid
excesglve .creep and permanent set.

The windshield panels were subjected in alternate
pericds to a constant pressure of 8 pounds per sguare
inech for 8 bours and then %o 16 hours of recovery. The
panols wvere given 4 to 7 ecycles of loading, Defleciion
readings at the center, middles of the edges, and corners
wore takon at the end of each loading and each recovery
period,
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Procedure for Bursting Strength Tests

The bursting strength tests were made at tempera—
tures of approximately —20°, 77°, and 140° F upon panels
which had been conditioned 17 to 24 hours. In the shori-—
time tests the pressure was increased gradually to causeo
failure in about 1 to 2 minutes. The panels were mounted
and the bolts tightened at room btemperature, after which
the specimens were removed %o the conditioning atmog—
phere. For the tests performed at 77° and 140° F, it
was not nocessary to tighten the bolts agaln before the
pressure was applied. At —20° F, however, seven of the
eight panels tested leaked so badly that*tightening
again at the low temperature was necessary before the
tests could be made. From this bshavier 1t is spparent
that either a2 gasket material must be ineluded in the
mounting or the mounting must be redesigned to prevent
leaks resuliing frem the contraction of the windshield
pansel at low temperature.

To obtain strength—time curves for esach temperaturs
and esach type of panel, consideradble time as well as a
large anount of material would be required. OGConseguently,
i1t was decided to sublect twe btypes of panel to two—'
thirds of the maximum pressure which they withstood in
the short—time bursting tests to obtain some datba on
their long—time bursting strongth. Types A and ¢ panels
wore seloctod for these tests since A appearsd to be
the least satigfactory and C the most satisfactory in
the other tests, The panels were conditioned and mounted
as described for the cyclic loading test.

RESULTS AND DISCUSSION
Creep Tests

The deflection—time characteristics for the various
typos of panel are shown in figures 8 to 14, The 5-
minute and. the:24—hour deflection values for theso
Panels aro given in tablé I. The difference between
the S5~minute and the 24-hour deflection value, the amount
of creep for that time interval, was calculated for the
panels reported in table I. These creep data are pre—
sented in table II.

Creep at —20° F,~ A1l the windshields were guite
rigid at the temperature of ~20° P, The deflesctions at
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the center did not exceed 0.04 inch for pressures of 6
to 10 pounds per sguare inch. TFor the same preesures
the deflections at the #dges were at moest a few thou-
sandthe of an ineh. The ¢reep at sub-zero temperatures
was negligible, amounting to nét more than 0.002 inch at
the oenter, which is about the order of accuracy of the
low-temperature measurements.

Greep at 77° F.- At a temperature of 77° ¥ and a

pressure of 8 pounds per square inch the deflections
observed for all panels were much greater than a$ -20° F,
At the center, initial deflections ranging froem 0.15 %o
0.24 inch werg observed., For the middle of the edgs,
the lowest deflections were sxhibited dy the mountings
containing a metal insert, the values being 0.018 and
0.013 ineh for types O and D, respectively. The type B
panel, in which the lead on the plastic at the edge 1is
mainly compression rather than shear, deflected about
twice ag much at the middle of the edge as the types ©
and D. At the same position a deflection of 0.08 ineh
was noted for the type A mounting. The initial corner
defleetions did not exceed a hundredth of an ineh for
all types. :

It can be seen in figures 10 anéd 11 that slight
negative deflections of the corners of panels 0O and D
were obtained in these tests. These negative terner
deflections may be explained as follows: When a square
plate is uniformly loaded, the corners in general have
a tendency to rise (see reference i, p. 92.) This
oceurs 1in panels both with and without %the netal insert,
but in the second type the panel as a whole moves ¢on-
siderably relative to the frame bscause the plastic
edge deflecte easily under & sheering load. The deflec-
tion is measured relative to the frame and, if the
average shear deflection of the edge is high, the tend-
ency of the corner to rise relabtive to the middlie of
the edge is not evidencsd.

The creep in the 24-hour period was greatest for
the type A mounting. 'The deflsctions at the center and
at the middle of the edge increased almost 0.1 inch; at
the corners the creep was 0.04 inch. TFor the other
panels the samount of creep at the center ranged from
0.012 te 0,026 inch for types B, ¢, and D, and at the
middle of the edges the ereep amounted to adbout 0,010



NACA 7T No. 936 | 7

inch for those panhels. At the corners the creep was

0.003 inch for type B and about-4L004 inch for types
G and D,

The rccovery of the mountings B, O, and D was good
in thoso tosts. Since the creep for type & was several
times as great as that for the other types, it is not
surprising to note that a much larger residual deflee~—
tion vas obtained for the type A panel at the end of tho
24~hour recovery periovd than for the other types. If the resid—
ual doflection at the end of 24 hours (tabie I) is com~
pared with the amount of croep {(table II), it is noted
that, for all types of mounting, the reaidual deflection at the
end of 24 hours is about helf the amount of creep for
the conter and the middle of edge positionse.

Croep at 140o T~ At 120° 7 and under a pressure

of 2% pounds per square inch, the type A mounting de-
flected boyond the edge of the frame in 13 hours and
fallod in about 4 hours. This type would not be suit~—
eble if, when searching for leaks in the airplane cabin,
this pressure were applied 2t high tempermtures as in
the tropies. The other mountings withstood the sanme
pressuro for the 24~hour period and exhibited initisl
centor doflcctions of 0,07 to0 0,10 inch, The deflec—
tions at the middle of the edge ranged from 0,01 inch
for type € to 0,03 inch for type B. The amount of
creep in 24 hoursg was greabtest for the type B pansl,
but the croep at the center and the middle of the edges
was oaly 0,03 inch, Theo least amount of ecreep was
exhibited by panel C—1, which also showed the least
inlt%ial dofloction,

The sllght diffeorences between the deflections
and the ercep bohavior for panels of types C and D are
probably caused by slight variations in size and
squareness of the panels., The deflection is sensitive
to the clearance a in figure 2, end the dimensions of
tho glass panels vary as much as 1/32 inch.

The recovery for the panels with the metal ineert
was bottor than that for typo B panel,
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Gyélic Loading Tests

The doflection values for the panels tested under
eyelic loading are prosented in tabdle III and ere do—
picted graphically in figures 185 through 18. A compari-—
son of the behavior of duplicate panels of the four
types of windshield after 8 hours of continuous loading
at a prossure of 8 pounds per square inch is giveon in
table IV. )

_ Types B, ¢, and D panels showed only very slight
increcasos in deflection for all posiftions at the end

of the sixth period of lozding (table III}, the amount
being loss than 0.001 inch for type B, less than 0.005
inehk for type €, and legs than 0,002 inch for type D.
Panol A—14, however, after four periods of losding showed
a mininum inerease in deflection of 0.03 inch and failed
14 hours  after the start of the fifth period of loading.

The roecovery of fypes B, ¢, and D panels in thess
tests was satisfactory, although the dsflection after
‘each period of recovery was slightly greater than the
corrosponding gquantity for the preceding period, After
6 cyoles the deflection at the end of the rescoevery period
wag not groater than 0,01l inch for any of the three
types and for all the locations. . The corresponding
quantity wvas 0,05 to 0,08 inch for panel A~14 after
only 4 ecycles. .

Sincc the panels very in their dimensions as much
as 1/32 inch, the results of tests made on similar types
of ponels nay vary somewhat., Other factors possibly
affecting the tost results are the clamping pressurse,
tho aging of the panels, and the variation betwesn lots.
With regord to the variation between lots, the panels
tested vore from two lots, those numbered 1 through 4
being in the first group and the remainder in the gecond,
The peneols wore 1 06 9 monthe 0ld at the tlme they were
testod, Whilec no dotailed study was made of the varie—
tion to be expected in consequence of these factors,
some data are available for panels tested ut 77° F for
creep and cyelic loading. {Ses table IV.}) It is evi~
dent from these data that panels of types B, ¢, and D
are less affected by variastions between specimens or in
experinental conditions than panels. of type A.
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Bursting.Strength Tests

The results of the short-time bursting-strength
tests are presented in tadle V. The appearsnce of rep-
resentative panels after this test is illustrated in
figures 19 to 23. The data obtained in buret tests
made under long-%time loading conditione are presented
in table VI,

The bursting pressure feor the type AL panels in the
short-time test varied from 10 pounds per square iach at
1409 F to 64 pounds pér square inch at -20° F, (See
table ¥.) At the higher temperature the panel failed by
& combination ¢f shearing and %earing of the plastie
around the edges rather than by fracture of the glass.
The B type panel, which was somswhat stronger at the
high temperature but not at the sub-zeroe temperaturs,
falled over a pressure range of 20 to 34 pounds per
square inch. The O and D panels are much alike in con-
structlon and are supsrior to the others in bursting
strength. They failed at presgsures ranging from 20
pounds per square inch at 140° F to 70 pounds per square
inch et -20% ¥, At 77° F these two types were charac-
terigzed by a failure of the glass at about 30 pounds psr
square inch followed by a failure of the plastic at
slightly higher pressure. Types ¢ and D panels deflected
greatly after the glass failed at 77° and 1400 'F; a
typlcal failure from a test made at 77° F is shown in
figurs 23.

In the "long-time®™ burst tests, type A& and type 0
panels withgteod pressures of I8 and 43 pounds per
square inch, respectively, at sub-freezing temperaturece
without faillure for more than 7 hours. The A type peanel
failed at 77°  and 140° F a%t pressures of 20 and 7.3
pounds per sguare inch, respectively, within & few
minutes. A type C pansl withstood the %est pressure,
20,5 pounds per square inch, fer almost 2 hours at 77° ¥,
but another U panel failed quickly when sudjected %o &
temperature of 140° ¥ at 17.5 pounds per square inch
pressure. Sincée the panels with the metal insert were
found superior %o the ¢ther types, an additional test was
made at 140° P upon a type 0 panel with a pressure of 8§
pounds per square ineh. This pressure did not gause
failure of the panel in a period of & hours.
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CONCLUDING REMARKS

Of the several windshields with an extended plastic
layer for mounting in airsraft that were investigated,
those having a strip of 0.032-inch-thick gluminum or
0.019-inch-thick stainless steel insgerted in the plastic
layer from the outer edge to about 1/4 inch between the
glass plates proved to be esuperior in the various tests,
These windshields were reeilstant to creep and bursting
under pressure conditions of the order of those which
are encountered in service. Their ability to withstand
ordinary service pressures at a temperature of 140° F
should make them suitable for use in 2 heat~de-icing
design that involves double glaging and the circulation
of heated air in the space between the two glass panes.

The research indicated that some difficulty may bde
encountered with leaks when windshields with these types
of mounting are subjected to low temperatures unless
the frames are tightened after being exposed to low tem-
perature or some dsvice ls employed to mainbtain pressure
on the frames at all times.

National Buresu of Standards,
Washington, D. 0., March 20, 1944.
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TABLE I. CREEP TEATS OF WINDSHIELD MOUNTINGB AT VARIOUS TEMPTRATUHES.

Oonditione OTIORE DURING LOADING 10D DEFLY.CTIO NG RECOVERY

fSpsoimen !;pgi_'l' = utegmer er tera ort:g.g!_s_ :azrm ifta;' Mtgg AQIT ta:%%%'@ :: H
. Type of Mounting aturs " | Pressura 5 xin gln_u- 5 ain 24 hr 5 min 5}3:: win |2% hr | G win |24 br |5 min [2% hre

op, 1b/inf iz, 1n, in, ig. 1h, ia. in, ih. w. { in. in, in,
32 Flastio -20 6 001 o .001| .001 018} .0L7 - - - - - -
B-1 Plastio-Glase -£0 10 0 0 L0041 .004 .033| .083 ] 0 001 ‘o 003 ©
0-1P Plastio-Aluominm -20 10 .001| .o01 .033| .085 - - - - .005
D Plaatic—-Btesl -20 Not temted
A-1p Plastio 1 ] 01| .o40| 077 .153 LR34 .3as Mﬂ .003| .133 .032| .18 .043
B-23 Flastio-Clace T 8 L0086 ,009 .044] .063 .B11| .3233 004 .002 .oaa‘ .003 o41| 006
6-2 Plastio—Alomimm 17 s -.007 | -.011 .018] .031 .183| .188 -.006f ~.006| .016] .004] .03a| .o11
D-12 Plastic Bteel 7 8 -,0D04 | -.007| ,013] .033 .156| .181 -.003 © .018] .008 .085| ,008
AL Plastio o 2,5 Daflected beyond adge of frame within 1-1/8 Lre; failsd after 4-1/4 ura
Bpo Plastic—(lass 140 2.5 .004 .017 .030| .060 L1001 .13 -.ooa{ .003 .0ax]  .bao .048] 084
01 Plagtic—Aluminum 1h0 2.5 ~.008 | -.003| .009] .o31 .089{ .089 0 0 013 004 | .009| .00@
g Plastioc-Stessl 140 2.5 ~.004 | .00L} .0Bl} .048 .089) .130 .00 .008 029 .o1a] .o3e] Lmap

*fhis windshield bed been subjeated t0 a Fressurs of 6 1b/in® at ~20°F for 7 hr
on the day previous to this teat, In n test about £ weoks later it withstood a preseure
of 2.5.1b/in" at 155°F. Yor 10 mimntes before it failed.

Yrifteon and 3 doys, respeotively, nrevious to this test,
this windshield hed been subjeoted to teats st & pressurs of 6 1b/irfat 77°F for 24 hr.
The test at 140°F reported in this table was mede 6 daye after the tast at —200F

°fhis windshield had been subjected to a preseura of 2,5 1b/in® for 3 hrs. at 140°F ,
2 daya after the test at 77°F reported in this table. After 3 daye of additional
recovary this teat was mads.

' 9£8 “oN XK1 YOVH

1T
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TABLE IJ. OREEP OF WINDSHIELDS DURING LOADING PERIOD.
Creep
Conditions of {Differerce between
Test Defleotions at 5 min,
Speoimen eRpe T = and at 24 hours under load)
|_Number | Type of Mounting | ture Pressure [ Uorney TWIAdYe of ¥dge | Center |
oF 1b/in in. in. in, ]
A=3 Plastic =20 6 -~.001 0 .003
B=1 Plagtic.Flass -20 .10 o] (o] [o]
G-1 Plastic-Aluminum -20 10 o] [o) 008
D Plastioc-8teel Kot tested
A-12 Plastio 77 s .039 0786 .088
B2 Plastic-Glass Tt 3 .003 .008 .013
-2 Plastic~Aluminun T7 ] ~.0042 .013 .035
D-12 Plastic-Stesl 77 4 ~.0038 .010 .028
A-11 Plastic 140 2.5 failed after 4-1/4 hours
B2 Plastic-Glass 140 2.5 .013 .030 -030
0-1 Plastic-Aluminum 140 2.5 0 .012 .030
D=2 Plastic-Stesl 1ho 2,5 .008 .08%7 .031
%pefiection 1is negative (see Table 1) and
inoreased in magnitude,
TABLE TTI. OYOLIC LOADING TESTS ON WINDSHIELDS,
DEFLEOTION OF WINDSHIELD
At eng o ] o
& hr loading Period 16 hr Recovaery Period
Spesocimen | N1dd1e e ] |
Number Type of Mounting cle Center | of Edge! Oorner Qenter | of Edge | Corner
in. in. in. in. in. in.
A-1k | Plmstic 1 .388 .218 .083 .041 .036 .024
2 .410 .83¢ .105 .05% .050 .038
ﬁ . 408 .241 .105 .071 084 .046
>.2662 .111 .088 .073 .0B85
5 Failed after 1-1/2 hours of oycle No. 5
Ak Plastic 1 .a72 .119 .018 .035 .030 .007
2 .278 .137 .024 .037 .031 .018
z .820 .137 .037 .047 .040 .018
. 284 .148 .0323
B-3 Plagtic~Glass 1 .2435 .055 .010 .008 .00 .001
2 8435 0545 .0105 .004 .0025 .0016
z .2435 054 .0105 .005 .0035 .001E
.3415 .0545 .0105 .007 .004 .003
2 .242 .055 .0105 .007 .0045 .002
.2435 .058 .0108 .008 .00B .0085
7 .3415 .0558 .0108 .008 . 0055 .0025
c-4 Plastio-Aluminum 1 .1845 .0305 -.0055 .008 .004 -.0005
2 .1855 .022 -.0085 .0075 .0085 | -.0005
z .1835 .0335 ~.0056 .0085 .008 -.001
.185 .0235 -.0086 .008 .00656 |-.001
2 .187 0245 -.008 .0095 .0075 [-.001
.187 .035 -.008 .010 .008 -.001
7 .185.5| .025 -.008 .010 .008 -.001
D13 Plastio-Steel 1 .1815 .020 -.0086 .007 .0045 o
2 .1835 .021 -.008 .008 .00B5 0
E .1846 .0218 -.0065 .009 .008 -. 0005
.183 .031 -.008 .0085 .008 o)
5 .183 .0815 -.0056 .009 .0085 0
6 .183 .0215 -.0055 .0085 .0065 0
%0ne sage deflected beyond freme.
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TABLE I¥. OCMPARISON OF DEFLECTION DATA FOR WINDSHIELDS OF THE SAME TYPE.
= 5 Daflection after & hours at &
Speoimen , 2 o
Number Type of Mounting Jegt nter e O |__Corner |
= | . in. in, in.
A-l2 Plastio Oreep .308 .134 .087
A1l T Oyolia loading 388 .316 .08%
Aekt - ] LI L .878 .18 .019
B.2 PlastioGlass Oresp .22 .058 .010
B-3 . . Gyclic losding 8435 .085 .020
O=g Plasgtiocsdluminum COresp .186 .039 -.010
Ok * v Oyollc leading 1846 .03085 ~.00586
| Bu12 Plastie-Steel Cresp 178 .03l -.006
D-13 . ] Gyslio loading .1815 .080 -.008

TARLE ¥I. RESULTS OF TESTS AT PRESSURE OF TWO-THIRDS THE BURSTING STRENGTH

Spsoimen Tempera- nu::o until | -
umber Type of Mounting ture Pressure Falilure Remarks
' or 1b/1n2
A-13 | Plastioc 1ke Te3 - 2 min,
=15 u 7 20 5 min, g»ihu failed in first tw
- ) n.
A-16 n -20 38 >7 nr ;r;uure turned off after
T,
0-12 | Plastic-Aluminum 1 17.5 3 win, Gilll failed in firet two
min,
C-1%’ . . 1% e “>6 hr Pressurs turned off atter
. e
0-13 . . 17 20.5 1-3/4 hr Glass failed in 1 hr and
37 min,
6-15 . . -80 %3 >8 hr ls’rauuro turned off after

.Blnoo & type U panel falled at two=thirds of the burating strength
value in 3 minutes. a test was mads at the maximum working pressure,



TABLE T.

RESULYS OF BURBTIKG BTRENGTH TRETH,

' Pressure at

Tims to

Wusber | #vne of Mounsing Tpilure Brosk Bemarics
' op. 1b/in® mec.
t Plagtio ﬂg ig EE El;sa :tu:l:'lr.ure gf plentic: gJ,en 1n§u,ot.
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Types C and D

FiG, 1, CROSS-SECTION OF WINDSHIELD PANELS.



NACA TN No. 936 Fig. 2

7 77 77 ¢4 Tl
RN,

Types A, C, and D

Note.-~ Clearance a is 1/16 to
1/8 inch.

an

i k x\ :—:::-_—_—_z———;_-——_—,——j

7 AN A AN AN /
4 77 s / 7 7 7 7 2 72 7. 7 1 /1 12 v

iz ,g' ’/ e
Wl i

Type B

FIG, 2. CROSS-SECTION OF PRESSURE CHAMBER
FOR TESTING WINDSHIELD PANELS,



NACA TN No. 936 Fig. 3

[P PRV

Figure 3.— Pressure chamber for types A, 0, and D panels with
a windshield in placse. '

} ,



NACA TN No. 936

TR G SRR

-".5’..
-
2.
-
¥
H
%
W,
L
i
¥
B

.o

g TEER

Figure 4.— Dismantled pressure chamber (same
figure 3).

chamber

as in

AP T TRT W A

A

L L bl e . 3 !

[y



in.

=
s o e |

‘OR R& VOYH

og6

Defleoﬁion.or Trecovery,

P2
b

'lr' i

13 G*.ﬂln- » [ M I[.. NO0a »n [’] b W QNEOD- ™
T Er
]
|‘r
H "'l
% | I
in ]
al H
I H HH 1
H I
1L 1
H ” H
I L TR \ ]
il
s | I
|
1 il .
HU H
: 1N
b [ L
4 :d f— * = 2z .
i i ;
B [ i
J TILE
| TITTEIINI in
10 100 1000

Time, minutes

Figure 5.- Deflection-~time characteristics during loading and
recovery.

g *3tg




Deriedtion or recovery, in.

] 4

D

N

17|

28 N00- Y
I

mAIE. u & NDD- o b @ @ ol
1 il ’ oA
| i
i L
1 i ]
C,
& L H
TLTTT y
Tl
1
7 }
I !
ill:
MUHLH: W3
CHUH B 5
y . i 1111
n : NI
-
i
! .
T ]
Al f T
il (I
b U
h M I HME O
4 b 1 ! I |1
uN 14 M LN
m He =" e b
! L3 LI IR
il I ik
] 1 1 W o
:-it p HIW I. :.:
it 7 w@ﬁrw-ﬁ
il o i . N
10 11 ] ] | IR
lﬂg 1000
Time. minutes

regovery.

.

figure 6.~ Deflecilon-time characterietice during loading and

"ON NI VOVN

oes

9 "dyd




Dsflesoticn or recovery. ia.

‘ 3 - [ »
- b2 0 ay0b. o 4 b mAaNDW. » 4 B0 yEO- . W A D BvEwD
:E o i“:“:.' 1
:L ;:I;i‘ . T v
' # ! dh b
fanane: A ¥
0 J St | l:i; |‘|'- T H
1] }h ot I;v.l ':Tl-— ]
- it
; ] ]|! 5 -
il |
I H T ©
T v
! H _J& aaile el
! : - ] FITH |
} [TH
- l i o T
i ! I
- HH I i i
. 1 1l 15 :
l{}_’ I 'h T L
f | |
1 H|
|. 1 It
P THITIL
Y Y 1
it
;‘ ] 2l |i I
: — x 1 - [ I
— 1 |
Fy i I i
‘e l
| T
X I |
¢ I 1
H H h
: e |
ALl
- i il I I
] L H
] 1 |
T I i === U el P 1 .'...1'
= rt L ]
. ! TG o2
i TR T ; I m
iThi N M .
ot ' i It T £ (LI
b 10 100 1000 3

Time, Minutes

Figure 7,- Deflection-time characteriatios duriag 1oad1ng and
recovery. '



Deflection or recovery, in.

NACA TN No. 936

- Ly ] w o ﬂ.‘;
! i
1t
i
o e
NSRS AT
'r 1 H H L 1
]
T30
r.
13
I -
[ i i
EELah : " :
t H
: 1 1 i
280 7
T -
T {1 e it U 1 E|
- "
= IR LI s ¥ . = i
-
:'ill i
HHIN
T ¥ 1
| I
L 1 °
L
I T [
fhod-+d
i TARY
'ru
H
H i l
t b Py N,
it o
e 1
- 1
i -
[ % .L-. .
1 WNR
il .
e ]
¥ FHu b
* T i
¥ 0T 4
| RN
o # :
TR N | i
T
- :
T ] ¥
H T
| R !
t H
I '
H fagh 1 = 2
LR | H i T 'l :
ik fiin Y
13 s 1obdl H
ey 1
1 s Lot 1 — .
I A 2 HLSL LI LI e Y
AT tq.‘li‘
: : ol p
T et it t 'T-I -
1000

100
Tine, ninucies

Figure 8.- Deflection-time characteristics during loading and:
recovery.



Fig. ©

| SS===EZ=c== T S S == EEEF e et
s } e P e e e e P
- 1
=14 33 = -3
-}
a
Tl
1
-]
-]
7 .—ll =
. - S SEEE=s=
s+ — 1 o e e s S G e ' T =
-
n — —
=
11 ]
{ -
L = H
= | In
. ] (]
o m
8
>
s =t = =
5 + St i = = e = e e ¥
& -
. = = =
2 X = <
:
1 " i [}
1 bi | X 1 | )
1
1 =
8
r 4
i = S S S SSsSSS S S =SS S=S=s ==
'-J|1 ............... =+ -1 — ) e e et e o ¥
P
a = = (=
3
i) 1 - I ]
ARE b 3 0 - [ { & nm d [ 4 i 4 [ 4 1 )

‘uy 41040001 I'F wePDezeQ:

Time. nminutes

oharacteristica guring lomdfng and

recovery.

Figure Y.~ Deflection-time



9

NACA TR No. 938

A

A O NDOw

[

40 Jao.

2060 NOD-

T
NS A T =
a T 5 o
i kT == - =
7 - = = -

" ! . LT T35 = X
M g " e e -
=F i i At y5-c

bl RGeS 4 LU
¥ Tt FHFERL: =3 E AT
- I~ Mg == = R —
ENEERR LI SR B
: f 3 38 R L4+ 1 by e e
Akt t1F ]
o v ey e i ek T 1
G o s s o ] -
HHEE 5 = SEEESSE=i IS
1 A A LITIAdT | o
iy W )
FamET ,
b 3k = T
i i =
2 = = == S=
1 ===== == ==
¥ T
oS 4 -t .
ﬂ 13 T - -
13
| 1 e
am
i i 1 I
- =
=+ S e e = - T
£11 - 5
= 3} . 1 F
= 3 3 13 3 ==== =i ==
F-¥ 133 4 ¥ T |
¥ 333 5
fea 4 g Ak = -
h § = 33 T
| —
- E
. L |
11 s o i b 1 1] i
. : b _I. " ¥
. 1L u
ARt b M SATNE ==
b ..A-” uml ar =
- = =3 - T =k = e
=t [ T =k - o e o e s i =e=Eory

ESERES == =

s . -t A e -

g A : 17 i N

1) 13 (3 - T

11 . ' o Ty, T T 1 v - 18 1T T T ) i
Pt 1 T i T i

*ut 'Aleacopy

& UQTQRONTIe]

1000

i
Time, nlnutes
Figure 10.~ Deflectlon-time characteridtios during loading and recovery.

10



-

NACA TH No,

936

Plg. 11

"AEILY

°|
3 i 1
u fx S 4
I 1) — 1
7F - =T = = T
o RS 3+ =SS = - ==5
MECEREEEET S 8 ol et ~¥-3d St F = i = X
i3 (i
= i B
= E & ._ £3 -
= = = S T =
E5enaisist = e
314 St i L
+ g ==
n..l = - 1
-3 - o
4 T4+
T+ =
e YT nh 133 .
Il “ITF
' as
° == :
“ : T4 ] e 5 =
P kE 4L - E R = =
3 Ex i : ;
a FXS XIS R N & 3t EEE R R E R e = ! =S
= D = = =E >33 i F == s S
= |r- " |.L.- .
-+ S =X CEn
» et =3 = =
T o .
2 1 -
L | i h
1
. 1l
e
s =
k4
] ¥ X - S
=SS =S = S SES=ES: ==
- == F | =+ e e == = |
" :
a
WSS
0 L ¥
— 1
e o J4 1]
| - 7 1
| 11716 hgs m
I N
=3 =4 4
e e e F e e e e e e =
a
> SEZZ = Z===SSs
Lis=n
1113 & = 4
- o . T 1 - o - [
T ESEER: 2k s IegE pae H
117 ] ] . Sl :
[T T 1] 4 3cs: O o
LIS 1 iy Iy Img i ! n
- 4 - —4 3 )
A n m ! f ! 1 [t i il

"UT *£I0ACDRS J0 :o.npwoﬂuon

Tins, minutes

Figure 1ll.~ Defleotion-time chbaraoteristios during loading and recovery.



(nanateriusssuaiss, a2 cro=uny;

8 1! T+t =+ e

dsranankl T - E RESTIpEor = CRER =

ol ! el el SSEEEScEEREE

35 _E + Hy = :: S, .

B - 1 = - E
.“M.?r RREIREE ESEERARRA- L R Th = W_.-

‘GRS EECEEAN EEREG. SS=EL3k: ; @

- ] =3 =i <3 = .ulll —— 3= et II:|.” — = —

T l!..umld....... E = ..||...lu|u.‘ u.L. “H E i =! = o
R T P e e T e o
P Eib AT 1 E SEESS = e

2 e
- L -

o =z 8
H . o

z LY . "

, : g

B = e ~ .M

a —1

7 33 EES = .m

= LI =X == === H

s EEER e R et e e e e % }

. m

s : : } ¥ = o

= = ) W

H 3 ] ! - ] | m -1 )

—H T 2 4

g

; EERESE: ; 2%

L { 1 ¥ | - O

1 - m =4 42

-] - c

. m e

rs

= wld

e e e e == ESIsSES t : === &= .m

- £ X == SESES EER ¥ o

©

i 5

£l m E : = = +nv

i A 3 M
X ol
= X +2

1] = 11 W

v ]
1 - o “

T

o Pt [= ]

a

rd =+ —0

== = o == = : = = | m

U‘Ha == = r 3

(3]

) .m.

NESE=S=S = S2=s==== =
S==E =

=

R R e e
R TR ,muwu L] ]

1 h_ﬁ!- (U rTed ] 0] D
. I I N = [ F I~ I Y

‘g ‘AIBACDEI X0 ‘Uctloetreq
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Figure 14.— Deflection-time characteristics during loading
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Figure 19.- Type A panel after bursting test at 77°F.



NACA TN No. 936 Fig. 20

Figure 20.— Type A panel after bursting test at -30°F.



Fig. 31
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Figure 21.— Type B panel after bursting test at 140°F.




Fig. 23
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Figure 23.- Type O panel afiter bursting test at —-30°F.



Figure 33.- Type D panel after bursting test at 77°F.
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